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HATR KFMOVAI. lIstKq f> mrAl. PiTT .^Fff 
Backgrftiiml 

This invention relates to methods and apparatus for hair-removal using optical radiatiol 
5 Excess hair (hypertrichosis) and/or unwanted hair are common dermatological and 

cosmetic problems, and can be caused by heredity, malignancy, or endocrinologic diseases, for 
example hirsutism (i.e.. excess hair due to hormones such as androgens). Hair can be 
temporarily removed using a number of techniques including wax epilation. depUatory creams 
and. of course, shaving. Alternatively, hair can be more permanently removed using electrolyrfs- 

0 *«P«>c«s involves insertion ofacunem-cariying needle into each hair 
painful, mefScient. and time consuming. 

Optical-based methods, such as the use of laser light, have also been used for hair 
removal. U.S. Patent 4.388.924. for example, describes irradiation of individual hair follicles 
using a laser in this method, heating of the hair's root section causes coagulation in local blood 
^ vessels, resulting in destruction of the follicle and thus in removal of the hair. Related 

techniques, such as tiiose described in U.S. Patent 5.226.907. involve destruction of the follicle 
by first applying a light-absorbing substance to the region of interest, the light-absorbing 
substance migmting at least part-way mto the follicle, removing ti,e excess light-absorbing 
substance, and tiien inadiatmg the region to heat the substance and thus ti,e follicle to cause 
destruction of the follicle. 

The above prior art techniques suffer from a number of limitations. First, techniques for 
iiradiating an individual hair follicle are time consuming and therefore are generally not practical 
for rarioving hairs other than from a very small region or from a region having few hairs situated 
therein. The procedure can also be painful, particularly if a needle-like element is inserted into 
the hair foUicle to fecilitate light energy reaching tiie bulge and the root or papilla, parts of the 
hair follicle which must be destroyed in order to prevent regrowdi of the hair. Where tiie 
irradiation source is not inserted into tiie folKcle. it Is difficult to get sufTicient energy to tfie 
required portions of the follicle to result in destruction thereof witiiout also causing significant 
damage to the surrounding tissue and thus causing pain and injury to the patient 

While tiie technique of the latter patent is advantageous in that it permits a number of 
hairs in a given region to be simultaneously removed, it is difficult witii ti,is technique to get the 
light-absori)ing substance or chromophore deep enough into the follicle to effect destiuction of 
the papilhi. Further, this technique results in substantial energy being applied to and absorbed by 
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the epidennis and other skin layeis in the region being treated, with significantly reduced eneigy 
reaching the root or papUla of the follicie. Total destruction of the follicle, and therefore 
permanent, or at least long tenn. hair removal is therefore difficult to achieve, particularly 
without risking damage to the epidennis and other layers of skin within the region. 
5 A need therefore exists for an improved technique for performing hair removal which 

facUiiates opUcal energy reaching the bulge and base, orioot of hair follicles in a region while 
minimizing damage to the epidennis in the region, thereby minimizing patient discomfort and 
potential advose side effects fiom the treatment 

" Summary Of Th> Tnv^^tfftn 

In accordance with the above, this invention provides a method and apparatus for the 
simultaneous removal of a plurahty of hairs from a skin region, each of which hairs is in a 
follicle extending into the skm from the skin surfece. Tlie technique involves placing an 
applicator in contact with the skin surface in the skin region and applying optical radiation of a 
selected wavelength and of a selected flux through the applicator to the skin region for a 
predetennined time interval. The applicator is preferably pressed against die skin surfijce. 
tiiereby reducing the distance fix)m tiie applicator to the papiUa of the hair follicles and 
facilitating destniction thereof. Further, tiie invention also involves cooling tiie skin surface in 
the skin region to a selected depth during the applying of optical radiation to tfic skin region 
and/or prior thereto. This allows the papUla of tiic hair follicles to be significamly heated 
without damage to the skin surface in the skin region up to the selected dcptfi. 

For preferred embodiments, the applicator is utilized to cool tiie skin surface in the skin 
region to tiie selected deptfi and tiie selected deptii is preferably at least equal to tiie deptii of tiie 
epidemiis layer of tiie skin (i.e. tiie layer of tiie skin closest to tiie skin surface). The cooling by 
tiie applicator may for example be accomplished by cooling at least tiie surface of tiie applicator 
in contact witii tiie skin surface, such cooling preferably being accomplished botii before and 
during tfie irradiation of tiie skin. For preferred embodiments, tfie cooling of tiie applicator is 
accomplished by passing a cooling fluid tiirough tiie applicator. Further, it is also prefened tiiat 
inadiation of tiie skin surface not be perfonned until tiie skin region has been cooled to 
substantially the selected deptii. For tiie most preferred einbodiment, cooling is perfonned both 
before and during irradiation, and tiie selected flux and predetermined exposure time (i.e.. time 
interval for irradiation) are selected such tiiat tfiere is at most minimal heating of skin in tiie skin 
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«gion to the selected depth, while the« is sufficient heating of 

selected depth to at least damage the hai» and follicles ^vitho«t causing significant damage to 
tissuesum>undi„gthefoIlicles. A prefe«d time interval for i^diation is 2 to 100 ms Tl,e 
applicator is also p„fc«bly designed to converge optical radiation appHed to the skin region. 
5 therebylurtherfecilitatinginadiationofthefolliclepapillas. For preferred embodiments the 
applicator also has a convex surface in contact with the skin surface, applying substantiaUy 
umform pressure. thereto to deform the underlying skin surfice. For alterative embodiments 

theapplicatorisdesignedtofbrmafoldoftheskinintheskinregionandtoapplyoptical ' 
"drntiontotwosubstantiallyoppositesidesofthefold. For example, the applicator may have a 
slot formed in the surface thereof in contact with the skin surfece. with at least a portion of the 
dcm region being drawn up into the slot and optical radiation being applied to the skin region 
from at least two opposite sides of the slot. 

It is also desirable that a substantial refractive index match be maintained between the 
appKcatorandtheskin surface insaidskinregion. Such refractive index match may be p«,vided 
15 by a layer of refractive index matching substance between the applicator a«l the skin surface in a 
skin region and/or by fonmng the applicator of a material which at least for the surface in contact 
wth the skin region has a refractive index which substandally matches that of the skin surface 

To facilitate hair removal, hairs in the skin region may be shaved prior to irradiation 
However, it may be preferable to epilate the hairs in the skin region before irradiation. When 
0 hairs are epilated. destruction of the follicles can be fadlitated by filling the follicles from which 
the hairs have been epilated with a substance which preferentially absorbs optical radiation at the 
selected wavelength being used for ii«diation (i.e. a chromophore). Further, where only 
temporary hair removal is desired, this may be accomplished for a period of up to several weeks 
relatively painlessly, by applying the chromophore to tiie area, which has been preferably pre- ' 
shaved, which chromophore migrates into the hair follicles to a depth of a few millimeters 
loughly to the depth of the sebaceous gland. Low level irradiation applied tiirough tfie app'licator 
to the skin region will tiien result in tfie destruction otiht hair witixjut destroying tiie follicle. 

An applicator suitable for use in practicing hair removal in accordance with Uie above 
may include an inlet through which optical radiation is applied to ti« applicator, a surface shaped 
to contact tiie skin surface in the skin region, an optical patii from tiie inlet to the surfece, which 
pad, is substantially transparent to optical radiation at the selected wavelengtii. an element in Uie 
optical patii for converging die optical radiation as it leaves tiie applicator tiirough tiie surface 
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and some means for cooling the surface to a temperature below that of the skin region As 
indicated previously, the surface is preferably fonned of a material having a «.fractive index 
which substantiaUy matches, but which is not less than, the ,efo«tive index of the skin surface in 
the skm region. For preferred embodiments, the element for converging the optical radiation is a 
3 '««andthemeansforcoolingisacham,elnearthesurikusthroughwhichcooling 

passed. For one embodiment, the surface of the applicator in contact with the skin has a convex 
shape while for an alternative embodiment the surfece has a slot formed therein, with the optical 
path leading to at least two opposite sides of the slot, and the applicator includes a means for 
drawing at least a portion of the skin region into the slot, this means for drawing p,efe«bly 
B includes a vacuum applying element 

The foregoing and other objects, features and advantages of the invention will be 
apparent &om the following more particular description of preferred embodiments of die 
invention as illustrated in the accompanying drawings. 

Brief DescrinHon Of Th, ffrmrinn 
Fig. 1 is a perspective view of a laser-based hair-removal device according to the 
invention; 

Figs. 2A and 2B are cross-sectional views of an irradiating unit or applicator suitable for 
use with a hair-removal device of this invention, the applicator receiving, respectively, light from 
a fiber optic or fiber opUc bundle, and from a minor assembly; 

Figs. 3A. 3B. and 3C are. respectively, an expanded, cross-sectional view of the contact 

device of the irradiating unit in direct contact with a hair-containing skin region, a cross- 
sectional, cut-out view showing the back-scattered optical fields at the contact device/epidermis 
interfacial region, and a cross-sectional cut-out view showing thermal transport at the inter^ial 
region; 

Fig. 4 is a plot showing die optical absorption spectra of melanin, hemoglobin, 
oxygenated hemoglobin, and water; 

Figs. 5A and 5B show, respectively, the time and spatial profiles and the preferred optical 
field used during the hair-removal process; 

Fig. 6 is a plot of the computer-generated optical intensity as a fimction of skin depth for 
different optical fields; 

Fig. 7 is a photograph showing skin regions of a patiait three months after being treated 
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according to the hair removal method of the invention; 

Figs. 8A, 8B and 8C are oscilloscope traces showing, following irradiation, the time- 
dependent temperature responses of, respectively, dry black hair, wet black hair, and live skin 
sinrounding the black hair sample; 

Kg. 9 is a plot showing the temperature rise as a function of laser pulse energy for chy 
hair <DH). wet hair (WH). and skin (S) samples of eight difiFeient patients; 

Fig. lOA is a partial cross-sectional view of the applicator of the invention being used to 
practice an alternative embodiment of the invention wherein epilation and filling of empty 
follicles with a chromophore aie perfoimed before inadiation; and 

Fig. lOB is a cioss-sectional view of an applicator for an alten«tive embodiment being 
used for hair removal. 



Detail^ "'^'Tinfittn 
Referring to Fig. 1. an exemplary laser-based hair-removal system 10 includes a light 
15 source 1 2. which may. for example, include one or more lasers for generating the irradiating 
field. The light souree 12 may be optically coupled to a series of beam-manipulating optics 14 
which, in turn, may be coupled via a fiber optic cable 16 (or other fiber optic device) to thp 
irradiating unit or applicator 18. During the hair-removal thempy. the light souree is powered by 
a voltage and current supply 1 9. and delivers a beam of light through the optics 14 arid fiber 
20 optics 16totheinadiatingunitorapplicator 18. The field is then delivered to a region 20 of a 
patient 22 (positioned, for example, on a table 25. a chair, or other suitable positioning element 
depending on the location of the region 20 on the patient's body) resulting in hair removal from 
the region 20. Once the desired region is treated, the irradiating unit can be easily moved along 
the patient 22, as indicated by arrows 27, and used to treat subsequent regions. 
25 The spatial and temporal properties of tiie optical field determine the efficacy of tiie hair- 

removal process, and some of tiiese properties may. if desired, be adjusted usmg a series of 
controls 24, 26. 28 located on various components of the hair-removal system 10. For example, 
using controls 24 located on die power supply, die optical intensity and pulse repetition rate of ' 
tfie irradiating field can be controlled by adjusting parameTers such as tiie voltage, current, and 
30 switching rate for tiie laser's power supply. Otiier properties of die field, such as die wavelengtii 
and pulse duration, may be varied by controls 26 which adjust components (e.g.. gratings, mirror 
or filter positions, shutters, or pulse-formuig means) of tiie light souree 12; however, for 
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prefored embodiments wavelength would not be adjusted. Similariy. controls 28 can be used to 
adjust the modulating optics 14. resulting in control of properties such as mode quality, beam 
diameter, and coupling of the irradiating field into the fiber optics 16. All controls may be 
adjusted by hand; and the system may also be operated (i.e. the laser turned on) by hand or. 
5 alternatively, by using a foot pedal 30 connected to the system 10. 

In alternate embodiments, the light source, coupling optics, and irradiation unit may be 
encompassed in a single, hand-held device. In this case, the light source is preferably an array of 
diode lasers coupled dirccUy to the irradiating unit, and is powered by a small extermU power 
supply. The compact nature of this type of optical system allows for a more controllable. 

10 mancuverable device, and additionally obviates the need for fiber optic delivery systems.* 

In order to effectively destroy the irradiated hair foUicles without causing damage to the 
surrounding skin, the light field supplied by the system 10 and the irradiating unit 18is designed 
to maximize the amount of light-induced heat deposited in the hair folUcles, while reducing the 
degree ofinjuiy to the suiTounding skin. It is preferred, for example, to deliver sufficient optical 
15 energy to several "target" regions on the hair follicle; radiation delivered to these regions results 
in complete and localized destruction of the follicles. 

Prior to treatment, the region to be treated may be shaved in order to facilitate irradiation 
of the follicles. Alternatively, as will be discussed later, hairs in the region may be epilated and a 
chromophore may be applied to region 20, which chromophore migrates into the empty follicles. 
20 Excess chromophore may then be removed from the skin surface prior to irradiation. Prior to 
treatment, an anesthetic may also be injected locally or applied to the skin suriace and following 
treatment, patients may be treated with topical antibiotic ointments. 

Mechanical Strnctiii^ 

25 With reference now to Figs. 2A and 2B. the applicator or irradiating unit 1 8 of the hair- 

removal system allows delivery of the irradiating field 38 to hair follicles 40 located in the region 
20. As shown in Fig. 2A. the field 38 may be delivered to the irradiating unit 18 using a fiber 
optic cable 16 (or other fiber optic device) containing one or more fibers or fiber optic bundles. 
In this case, after exiting the waveguide, the field 38 is typically spatially dispersed, and is 

30 preferably collected and roughly collimated using a plano-convex lens 42. Alternatively, as 
shown in Fig. 2B, the field may be delivered to the irradiating unit using, for example, one or 
more reflecting mirrors 44. This allows the field 38 to be roughly collimated prior to impinging 
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on the lens 42. DqHsnding on the focal length of the lens 42 and the mode quality of the 
iiradiating field, the field is preferably condensed using, e.g.. a plano-convex lens as sho>vn in 
the figure. After passing through this optic, the beam then impinges on a lens or contact device 
46 which is placed in contact v«th the skin n:gion 20. The optical and mechanical properties of 
5 the contact device 46 are chosen to allow efficient coupling of the optical radiation into the skin 
««ion (resulting in a delivered field 38) and the thermal properties of the contact device are 
chosen to allow efficient coupling of heat fiom the skin region. Once delivered, the field is used 
to inadiate. heat, and then destroy the hair follicles 40. The contact device 46. in addition is 
used to couple light and heat out of the superficial skin layer (i.e.. epidennis) of the irradiated 
» region. ITus allows the light-absorbing pigment (i.e.. melanin) contained within the deep part of 
the hair folUdes to be irradiated and selecdvely heated, permitting permanent destruction of the 
foUide. while potentially deleterious optical and thermal energy are simultaneously conducted 
out oftheoveriymg skin layers. T^us. multiple hair foUicles can be destroyed, permanently 
removing hair fi«m the skin region without causing substantial pain or injury to the patient The 
destroyed follicles are ultimately removed by the body. 

Both the lens 42 and contact device 46 are preferably disposed in a housing 48 containing 
bod, entrance 50 and exit 52 ports for fluids such as cooling water and pure gas (i.e.. mtregen to 
prevent condensation on the lens) to flow into and out of. fluids may be used, for example, to 
cool the contact device 46. which, m turn, cools the skin surface. Alternatively, the housirig 48 
may include an electrically controlled cooler in order to provide accurate control over tiie 
temperature of the contact device 46. Preferably, when cooling means are used, tiie temperate of 
the surface layer or epidermis of the skin is reduced to between 4.15»C. In addition, in tiiis case, 
it is preferred that a short time period (e.g., about 1 second) be allowed to elapse before 
irradiation in order to ensure that the epidermis is adequately cooled. An external casing 39. as 
indicated in Fig. 2B by the dashed line, or a fiber-coupling housing 37, as shown in Fig. 2A.*may 
be used to connect die light-delivering means to the housing 48. 

With reference now to Fig. 3A, the contact device 46 is preferably formed into a lens 
shaped in order to converge tiie inradiating field, preferably near tiie base of the hair follicles 40. 
In order to converge light, the contact device must be optically transparent at die iiradiating 
wavelength, and preferably has a biconvex or plano-convex lens sh^e. preferably with an f 
number less than or equal to f/1 .0, and a focal length of between about 0.5 and 2 cm. Control 
over the surface shape of die contact device allows tiie converged light field 38' to 
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siinultaiieously iiradiate various target portions of the hair follicle, resulting in efficient 
destniction. Typically, each inadiated hair shaft has a diameter of about 75 microns, with the 
entire follicle having a diameter of about 200 microns. After passing through the contact device 
46, the light field 38' is preferably converged through the epidermis 56 of the skin layer (having , 
thickness. e.g.. of about 0.1 mm) and is condensed in the dermis 58 near the papillae 54 of the 
follicles 40. Because dermal thickness varies greaUy over the body, the papillae may be 
superficial (as in, e.g., the eyelids and scrotum), but for most areas of interest (e.g., the face. 
axilUie. and legs) the papUIae are located at depths of approximately 4 to 7 mm beneath the . 
epidermal surface. Located a few tenths of a millimeter below the papUlae are neurovascular 
bundles 60 which serve the metaboHc and other needs of a hair matrix, the region of rapidly 
growing keratinizing cells. located in the papilla, which produce the hair shaft 55. The matrix, 
papilla, and the corresponding vascular bundle, as well as the bulge near the center of the follicle, 
nqiresentthefolliculartargetstobeirradiated/destroyed. Preferably, during irradiation of these 
legions, the field is pulsed, the pulse duration of the irradiation being kept short enough so that 
damage is localized to a small region of dennis (typically within about 0.2 mm) sunounding 
each follicle in accordance with the principles of selective photothomolysis. TTie extent of 
damage is preferably much less than half the distance between neighboring follicles (typically 
between 1 and 4 mm); if it is significanUy greater than this, the light-induced injuiy may result in 
a third-degree bum. 

In addition to providing a light conveiging function, a contact device 46 having a convex- 
shaped surface 62 allows efficient compression of the skin during contact Compression of the 
dennis 58 located near the surface 62 of the contact device decreases the distance between this 
region and the papillae; depending on the force applied, the distance may be decreased by up to 
several millimeters. Because the radiation field 38' is scattered and correspondingly attenuated 
during propagation through the dermis, compression of the skin results m bringing more light to 
the deep portions of the hair foUicles for more efficient light-induced heating of the papilla. In 
addition, compression of the dennis by the contact device using a pressure greater than the 
patient's blood pressure forces light-absorbing blood out of the irradiated region indicated 
during treatment by a whitening of the skin in the pressurized region). This reduces absorption 
30 of the optical field, resulting in more efficient deliveiy of light to the follicular target regions. 
Pressure applied using a contact device having a convex surface results in a relatively uniform 
displacement of blood from the skin region. A contact device having this shape is therefore 
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Piefened to a flat device, which tends to produce regions havtag center portions which are not 
entirely blood-fiee. 

In alternate embodiments, the contact device may be mounted in the housing in a spring, 
loaded fashion so that it may be fo«:ed against the skin surface with an adjustable pressure In 

5 «*Ji«on. in this^embodiment, the spring mechanism may be attached to a sensor and re^^ 
device so that the exact pressure applied to the skin surface can be accurately monitored and/or 
controlled. 

When foreed against the skin, the contact device 46 allows optical radiation to be coupled 
mto and out of the epidemiis. With reference now to Fig. 3B. the refi««ive index (nco) of the 
.0 contact device 46 should be ^proximately matched to that (n^) of the epidemis 56. which is 
approximately 1.55. Because light travelling fiom one refiacting medium (i.e.. the contact 
device) to another (the epidermis) is reflected at the interface 57 separating the two regions by an 
amount related to the square of the refractive index difierence. nearly index-matching allows 
efficient coupling of the irradiating field into the skin. TTius. a contact device composed of a 

15 n^«te„alhavingarefiBctiveindexnearl.5orsomewhatgreateraIlowstheincidentir™«ating 
field to undergo minimal reflections (indicated in the figure by the arrow 64) at the 
epidemiis/contact device interface 57. Sfanilarly. as indicated in the figure by the arrows 66 
optical fields within the dennis are back-scattered towards the epidermis due to diffiise 
reflecumce. These back-scattered fields contribute to unwanted epidermal heating, and are easily 
0 coupled out of the skin using the index-matched contact device 46. This allows minimization of 
the light-induced damage to the epidemiis 56. while allowing effective irradiation of the follicle 
target sites within the dermis. In preferred embodiments, in order to be substantially index- 
matched, the contact device is preferably formed of a high-derisity material such as sapphire (n^o 
- l-7Xfbsed silica (nco = 1.5). or similar optically transparent glasses orplastics. Inorderto 
5 provide a con vergent field entering the skin and to have the convex shape of the contact device 
as shown, it is advantageous to use sapphire, the slightly higher index of which facilitates the 
desired field convergence. 

With reference now to Fig. 3C. in order to conduct heat away from the epidermis, it is 
additionally preferred that the contact device 46 be composed of a material having a high thermal 
conductivity (k^,) which is similar to that of the skin. This allows efficient transfer of heat 
(indicated in the figure by tiie arrows 68) fi^m the epidemiis 56. across the contact 
device/epidermis interface 57. and into the contact device 46. A high thermal conductivity, in 
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addifion, is neccssaiy to minimize local heating effects that may occur at the interface 57, 
thereby reducing the chance of thennally induced damage or injury to the inadiated epidermis. 
As will be discussed later, this is particularly important when the contact device is cooled. 
Ideally, the theimal properties of the contact device and the time the contact device is applied to 
the skin before inadiation begins allow minimization of heating near the epideimis, but have 
litUe effect on heat deposited near the papillae of the hair follicle (shown in the figure as region 
70). Materials having high theimal conductivities include sapphire (Kcd - 0.083 cal sec * cm'^ 
•C cm-' along the C axis at 30'C). fused silica (Kco = 0.026 cal sec - cm ' 'C cm ' along the C 
axis at aCC), as well as other high-density glasses and plastics. 

In addition, m order to improve botii optical (i.e., transmission of back-scattered light) 
and thennal (i.e.. heat conduction) properties at the contact device/epidennis interface 57, it is 
desirable to apply to the skin a topical liquid or emollient, such as a lotion, water, alcohol' or oil. 
having a refractive index which is similar to that of the contact device 46 and epidemus. For 
example, application of an oil having a refractive index between tiiat of tiie epidennis (n = 1,55) 
and sapphire (n = 1 .7) minimizes optical reflection effects at the interface, thereby allowing more 
efficient transfer of light into tiie sidn region from tiie contact device and of back-scattered 
radiation from tiie skin region. Also, a liquid allows formore efficient transfer of heat by 
conduction from the skin into tiie sapphire, tiiereby reducing the degree of damage or injury to 
the qiidennis. 



20 



Onticat PrnptMfii^^ 

The temporal and spatial distribution of intensity for tiie inadiating optical field inside 
tiie skin ultimately determine tiie amount of heat dqjosited into tiie target regions of tiie hair 
follicle; tiiese properties tiierefore can be selected and/or adjusted to optimize tiie hair-removal 

25 process. In particular, properties which affect tiie hair-removal process include tiie pulse energy, 
pulse duration, repetition rate (i.e.. tiie time duration between subsequent pulses), wavelengtii. 
energy, exposure spot size, beam convergence as it enters tiie skin, and mode geometry (i.e., 
spatial extent and uniformity) of tiie optica] pulse. These characteristics may be selected 
accordmg to the pigment present in tiie hair and skin to be irradiated; preferably, each parameter 

30 is adjusted so tiiat tiie temperature at each target site, immediately following irradiation, is 
elevated to between about 80 and llCC. Heating tiie follicle to tiiis temperature leads to 
permanent damage and subsequent removal. 
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Refeiring now to Fig. 4. the wavelength of the madiating field is chosen to be resonant 
with the natural pigment (Le.. melanin) present in the target sites (i.e.. the hair shaft, bulge 
matrix, and papilla). The absorption spectra of melanin, water, hemoglobm, and oxyhemoglobin 
shown m the figure indicate the abiHty of these compounds to absorb optical radiation at 

5 <«ffe«»twavelengths;lowabsorptionlndicatesthatUghtattheparticularwavelen^ 
penetrate deeper in the absorbing media. In general, in order to selectively heat the target 
regions, the wavelength of the imuiiating field is chosen to match the absorption spectrum of 
melanin, which basicaUy absorbs Ught fiom about 200 to 1200 nm; conversely, the wavelength is 
mismatched to the absorption spectra of compounds contamed in the skin, such as water and 
» hemoglobin. Light having wavelengths between 680 and 1200 mn, a range indicated by the 
arrow 70 in the figure, is effectively absorbed by melanin while being relatively transmitted by 
both hemoglobin and water, and therefore can be used for selective heating of pigmented hair 
surrounded by white or lightly tanned skin. In particular. light in the range of 680 to 900 ma or 
1 000 to 1200 nm is preferred, as Ms radiation is strongly absorbed by mehmin. and will not be 
absorbed by die bands present in water and in oxyhemoglobin near 950 nm. For patients with 
less melanin present in the hair follicles (e.g. with auburn or light brown hair), the shorter 
wavelengtiis in this region are preferable because of the higher absorption coefficient of melanin. 
In addition, other light-attenuating effects besides absorption. e.g.. scattering of radiation, are 
also wavelength-dependent, and should be considered during selection of tire optical field's 
wavelength. For example, in human skin, the penetration of light is partially determined by tiie 
transport scattering coefficient (tO. which decreases at longer wavelengUu; due to scattering in 
the dermis. For radiation at 1 000 nm.n. is about lOcm -; light propagating into the skin from a 
generally index-matched medium at dtis wavelength will tiieiefore reach a maximum intensity at 
about 1 mm below Uie skin surface. 

Sources generating visible or near-infiared light in Uie preferred range of 680-1200 nm 
includediodea » 800-1 000 nm).Nd:YAG and Nd:YLF(;L= 1064 and 1053 nm), TliSapphire ' 
and infia-red dye (A » 700-1000 nm), ruby (A = 694 mn) and alexandrite (A = 700 - 850 nm) 
lasers. Ruby, Nd:YAG and diode lasers (particular arrays of diode lasers) are preferred as tiiese 
sources are commercially available, well-categorized, and can be manufactured on a small scale. 
Light sources of tills type can be incorporated into compact hair-removal devices which, in turn, 
can be easily manipulated by the operator during hair-removal procedures. 

The duration of Uie optical pulse can also be controlled in order to vary the heating of tiie 
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hair foUide. Referring now to Fig. 5A, the optical pulses, indicated by the wavefoims 74. 74', 
preferably have dtiiatipns 76. 76' which allow the follicle to be heated for short periods of timl. 
The pulse width is controlled to vary the heat conduction during the optical pulse, and thus the 
damage of the follicle and its immediate surrounding dermis; too Kttie damage results in hair re- 
5 occurrence, while extensive damage may produce scarring in the irradiated region. Preferably, 
the pulse duration 76. 76* is between about 2 ms and 1 00 ms. ' 

The exact pulse duration is dictated by the diffusion of heat in the skin, a process which 
roughly follows the heat diffusion equation relating the diffusion time t. diffusion distance d. and 
thermal diffusivity k. as discussed by in Welch. A.J. "The thermal response of laser-irradiated 
-10 tissue- IEEE J. Quant Electron. QE-21 (12), 1471-1481 (1984): t = dV4k (k for the human 

dermis is roughly 1.3 X 10-' cmVsec). The time needed for extraction ofheat from the epidermis 
during a laser pulse is approximately 2 ms. and the thermal relaxation time for a typical 200 
micrometer hair follicle is approximately 40 ms. For Ught exposures longer tiwn a few hundred 
milliseconds, too much thermal diffusion may occur during the exposure period, resulting in 
15 either inefficient destruction of the target regions of the hair follicle, excessive dermal damage, 
or both. Further, since most of the melanin (roughly two tiurds) in tiie epidermis is in the lower 
portion of tiie epidemiis. heating of the epidermis occurs primarily iri tiie deeper portions tiiereof, 
and some time is required for this heat to reach tiie sur^e in order to be removed by tfie contact 
device 46. Therefore, since this time is at least 2 ms, tiiis is tiie minimum suggested pulse 
20 duration, vnth a longer time, preferably at least 5 ms. being suggested to minimize epidermal 
damage. Further, depending on the laser utilized, each pulse could be in tiie forni of a single 
continuous pulse as shown in Fig. 5A or in tiie form of a train of closely spaced pukes of shorter 
duration, tiie space between such closely-spaced pulses being much shorter tiian 5 ms. 

For a given fluence. tiie intensity of tiie optical field is inversely related to tiie pulse 
25 duration: tiius, when the pulse duration is below about 1 O^s, large optical intensities may result 
in undesirable modes of damage to surrounding skin regions. In addition, short pulses may result 
in localized heat-induced "explosions" in tiie follicle which cause mechanical damage to tiie skin. 
In particularly preferred embodiments, tiie pulse has a duration or pulsewidtii of about 2 - 1 00 
ms. During this time period, tiiennal diffusion takes place over a distance of about 0.05 to 0.3 
30 mm; damage confined to about tiiis distance results primarily in destiTiction of the irradiated hair 
follicles, with little or no damage to the surrounding skin. 

Optical pulses having well-defined and adjustable durations may be geneiated using 
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known techniques. For instance, intrasavity modulation of the light field using electro or 
acousto^ptic Q-switching devices allo^ genenoion of pulses having temporal profiles which 
are typically Gaussian in shape. Pulses made using these methods are typically too short 
however, having durations in the sub-microsecond nmge. Notmal-mode pulses produced by 
5 fl«^a^«citationofniby.aIexandrite.Ti:sapphin^orNd:YAGlase«are^^ 

thesetypicallyai«high-ene,gypulsesinthe0.1.10mspulsedumtionregion. Ahematively a 
continuous (i.e.. time-independent) optical field emitted by a laser can be externally modulated 
usu,g.forexample.amechanicalshutterorelect«M,pticgate. Modulation using external 
methods aUows the pulse width to be easily varied fiom a few hundred microseconds to several 
.0 hundred milliseconds. Pulses generated using external modulation may also have "square wave- 
temporal profiles (as shown in Fig. 5A) which allow a more uniform optical field to be applied to 
the region of interest. However, external modulation is not used for cur«„tiy preferred 
embodiments. 

When a contact device is used to deliver ti,e optical pulse, a time delay preferably exists 
between the time at which tiie contact device contacts the skin surfece and the arrival of the 
pulse. TTus allows the entire epidemial layer 56 to be cooled significantly prior to irradiation, 
thereby increasing its damage tiueshold. Pain and damage to the ,^ide,mis arc tfius reduced arid 
are further minimized by continuing to cool contact device 46 during irradiation so tiat heat 
continues to be removed from the epidermis. However, heating at lower levels where destruction 
of the follicles, and in particular die bulge and papillae tfiereof. is desired is not affected by the 
cooling performed either before and/or during irradiation. 

In addition, the time duration between optical pulses (indicated in Fig. 5A by tiie arrow 
78) may be adjusted in order to control tiie total amount and rate on average of heat deposited 
into the irradiated region. If repetitive illumination is required for destruction of the follicle, tiiis 
time period is preferably constant and lies between several seconds and a few hundred 
milliseconds. Alternatively, for "single shot" illumination, tiiis time period is selectively 
controlled by tiie operator. In tiiis case, a single laser shot is delivered to tire region of interest, 
and tiien tiie region is inspected by tiie operator for damage. If more radiation is required, 
additional laser shots can tiien be delivered to tiie region. Otiierwise. tiie irradiation unit is 
translated and used to treat a separate region. 

The spatial extent of the optical field is chosen to allow multiple hair follicles to be 
irradiated witf, a single laser shot. In addition, larger spot sizes are preferred because attenuation 
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along the beam axis within skin due to scattering decreases as the beam radius. R, increases. 

Thus, wide-area beams allow more efficient deliveiy of optical radiation to the deep target sites. 

Rcfening now to Fig. 5B. the width 80 of the spatial profile 82 of the irradiating beam at the 

surfecc of the skin is preferably on the order of, and preferably much greater than, the depth of 
5 the target to be irradiated. Most preferably, the beam diameter is at least 8 mm. The area of the 
irradiating fiel'd is preferably between about 0.5 and 2 cm\ and is most preferably between 0.75 
and I cm». Because the beam is preferably converged, the spatial profile will be condensed as a 

Wion of depth before reaching a waist at a depth defined by optical scattering in the deim^ 
Preferably, as shown in Fig. 5B. the intensity across the beam (Uameter is roughly constam in 
10 orda to provide a substantially uniform irradiating field. 

Referring now to Fig. 6. following illumination, the intensity distribution of optical 
radiation (i.e.. ihe y axis in the figure) as a flmction of skin depth (i.e.. tiie x axis) is calculated 
using Monte Carlo-based computer simulations. The distribution is a fimction of the beam's 
spatial profile, the optical properties of flie medium in contact witii the skin. Altiiough tiie 
15 plotted data is base^ on a computer simulation, and is thus only an approximate, the x axis units 
are estimated to be about 500 microns per tick mark. The first curve 90 shows the skin depUi- 
dependent properties of an optical field originating from a small, collimated spot of 800 nm light 
in air. In this case, tiie majority of tiie optical intensity is distributed near tiie surface of tiie skin 
(indicated by the "0" point along tiie x axis), witii tiie intensity dropping off rapidly at larger 
20 deptiis. A larger, collimated spot originating fix)ni air (curve 92) has a more evenly distributed 
skin deptii-dependent intensity, altiiough tiie majority of tfie light is still concentrated jieartfie 
skin surface. Delivering a large, collimated radiation spot from a material having a refractive 
index of 1 .5 (curve 94) results in a relatively uniform optical intensity in tiie firet mUlimeter or so 
of tiie skin; at larger deptiis, tiiis intensity starts to tail off witii a relatively slow time constant. 
25 Finally, in tiie preferred embodiment, a large, spatially converging optical field from tiie n = 1 .5 
refracting material has an intensity at tiie skin surface which increases to a maximum after 
propagating about a millimeter into tiie skin. The intensity tiien attenuates as a fimction of skin 
depth witii a time constant slower tiian tiiat exhibited by tiie curve 94. Thus, a field of tiiis type 
can be used to effectively heat tiie target sites of tiie follicle, witii reduced heating of tiie skin at 
30 the surface, tiius reducing heat injury to the skin. 

In the case where the illuminating laser generates a beam having a diameter less tiian the 
preferred values, it may be necessary to expand the beam prior to delivery to the irradiating unit. 
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This may be done with conventional telescoping optics. e.g.. t^lens systems configured to fim 
expand and then coUimate the emitted beam. Alternatively, as shown in Fig. 2A, the irradiating 
field may be coupled into an optical fiber and then delivered to the irradiating unit. In this case, 
the emerging field is naturally dispersed due to the waveguide nature of the fiber, and is then 

5 collected by a coUimating lens. Displacement ofthe lens fiom the fiber tip allows the irradiating 
beam's profile to be increased to the desired amount 

The fluence of the optical field wiU be varied according to the degree of pigmentation in 
the patient, and is preferably between about 10 and 200 J/cm' for each pulse; patients witf. darker 
hair will require lower fluence than patients with lighter hair. Most preferably, the pulse fluence 
J of the irradiating field for pulses of about 1 ms duration is between 30 and 50 J/cm'. As 
described herein, it) all cases, die fluence is adjusted in order to heat die target regions to the 
desired temperature of approximately 80 to 120-C. Moreover, die level effluence may be 
increased as die pulse duration is increased in order to compensate for less efficient heating of 
follicles due to heat conduction during long pulses. It may be necessary to increase or decrease 
the optical fluence in order to heat the hair foIUcIe to the desired temperature if the wavelengtii of 
the irradiating light field does not lie in the preferred spectral regions (i.e.. 680-900 nm or 1000- 
1200 nm). In addition, in cases where the laser output is below the desired optical fluence. it 
may be necessary to amplify the individual pulses prior to irradiating theskin. Optical 
amplifiers, such as external optical cavities, may be used for tiiis puipose. 

Table 1 , shown below, lists the preferred parameters of die optical fields used for hair 
removal. The value of each parameter depends on die amount of hair in die region of interest, 
the degree of pigmentation of the hairs, and die pigmentation of flie surrounding skin of the 
patient. 

Table 1 - Preferred Optical Field Parameters 



£aiameter 


Range 


Prefeired Vahi^j 


Wavelength 


6S0-1200nm 


680-900, 
1000-1200 nm 


Pulse Duration 


50 fis - 200 ms 


2*100 ms 


Beam Area 


> 0.5 cm' 


0.75. 1.0 cm' 


Pulse Energy 


10-200J/cm2 


30.50J/cm2 


Optical Coupling 


external n> 1.4 


n= 1.5 to 1.7 1 
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Beam Convergence. 


collimated or 


fiW 0.5-2 


At Skin Surface 


convergent 





The inventions will now be fiirther described with reference to the following examples. 
5 Examplw 

In order to demonstrate the efficacy of tfie hair-iemoval device according to the 
invention, in vitro black-haired dog skin was exposed to light fiom the normal mode of a ruby 
laser at A = 694 nra with a pulse duration of 270 ms and optical fluences of 40 J/cm^ 71 J/cm^ 
andl60J/cm^ 

10 The spatial extent of the beam (8 mm diameter at tfie skin surface) allowed iiradiation of 
approximately 100 hairs witfi a smgle laser shot Following irradiation, each skin region was 
examined histologically. Examination revealed tfiat at tiie highest fluences, dennal damage 
consistent witfi scaning of the skin was evident, indicating tfiat at the highest fluences, light- 
induced tfiermal damage was not selective to the hairs. In contrast, at tfie lower fluences, and 
J5 particularly at 40 J/cm', locaUzed follicular damage was observed, witfi no noticeable damage 
occurring in the neighboring skin regions or dermis between hair follicles. 

In a separate set of experiments, in order to show tfiat tfie temperature increase witfiin tfie 
irradiated hair is dependent on tfw degree of pigmentation, fresh human hair and skin samples 
having diflerent colors.were exposed using tfie hair-removal metfiod described herein. The light 
20 source for all experiments was tfie ruby laser described above. Emitted light was first coupled 
into an enclosed beam-steering device containing several mirrors coated to have high 
reflectivities at 694 nm. and tfien delivered to an irradiating unit similar to that shown in Fig. 2B. 
The unit included a 5-cm plano-convex glass lens positioned at the proximal end of a water- 
cooled plexiglass housing. A sapphue contact device shaped as a 1-cm focal lengtfi lens was 
25 disposed at tfie distal end of tfie contact device, witfi tfie convex side touching tfie skin to allow 
compression during exposure as described above. Human skin was irradiated witfi an 8 mm 
diameter beam by pressing the cooled (4"C) contact device against the skin region of tfie 
patients, and tfien delivering a single laser shot. Each shot Qrpically resulted in tfie simultaneous 
exposure of about 10 hairs. 

30 The skin and hair of six adult patients having hair color ranging from red to black was 

irradiated and then observed. In each patient, eight treatment sites, each having an area of 1 0 
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cm'. were m»dialed. In oider to monitor destruction of the papilla, sites 1-4 were wax-epilated 
prior lo exposure to laser light. whHe sites 5-8 were shaven prior to exposure. Each site then 
received an optical fluence of either 28 J/cm\ 42 3/cm\ or 57 J W. Patients were seen in 
foUo^^up examinations one month and three months (and forborne patients also one year) after 
5 exposure. As seen fiom the photographs of the exposed regions shown in Fig. 7 (i.e.. regions A- 
C). hair regrowth after three months was minimal or non^stitig in all cases compared to the 
shaved-but-umreated region (Region D). clearly indicating pem»„ent damage to the hair follicle 
m the figure, sites A-C were treated with decreasing energy fiom the laser. It is clearly evident 
that hair removal is relatively less pronounced in region C. treated with a fluence of 27 J/cm^ 

a Re8tonD.thecontrolregion.wasshavenatthesamedayregionsA-Cweretreated. inaddiUon 
histological specunens obtained from the treated sites revealed that damage occuired exclusively 
to the hair follicle, while the surrounding dennis was essentially spared. TT,e« was statistically 
sigmficant loss of hair for all of the subjects in the laser-treated sites compared with unexposed 
shaven control sites. At one year later, there was also significant pem»nent hair loss without 
any scaning. 

A separate set of experiments pemutting measurement of the time-dependent temperature 
characteristics of hair and skin samples were conducted using a pulsed photothermal radiometry 
(PPTR) apparatas. In these experiments, the ruby laser described above was used at lower 
fluences to provide optical pulses having an energy allowing heating, but not destruction of the 
follicles. Output fiom the laser was focussed onto the samples of human hair and skin to provide 
a unifom, excitation field. A New England Researeh. Inc. bhick-body radiation detector 
containing an amplified, liquid nitrogen-cooled HgCdTe detector was used to monitor time- 
dependent characteristics of the sample temperature, and a Gentec. Inc. laser energy meter was 
used to monitor the irradiating pulse. The output from both detectors was then amplified with a 
compensated 0- 1 0 Mhz dc-coupled preamplifier, and then relayed to a digital oscilloscope for 
recording and storing die data. 

Eight patients having various skin types and hair coloring ranging fiom red^londe to 
black were studied. In general, the PPTR results indicated that following irradiation at 694 mn. 
black hair experienced a larger temperature rise dian lighter brown hair, and that both of these 
specimens experienced higher temperature rises compared to red/blonde hair. In addition, 
following irradiation, type II skin had a lower temperature rise tiian type III or type IV skin. 

Referring now to Figs. 8A-8C. in a particular example using a patient with black hair and 
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White skin, timesiependent traces measured using the PPTR apparatus indicate that 400 ms after 
irradiation, both wet and dry black hair experience, respectively, temperature rises of about 7-C 
and 72-C (Figs. 8A and 8B) fiom a baseline temperature of 23 "C. whereas the surrounding skin 
(Fig. 8C) undergoes a temperature rise of less than 1 "C. The difference in the temperature rise 
5 and time^pendent decay characteristics of the wet hair is likely due thermal effects (e.g.. the 
higher heat capacity of wet hair). 

Referring now to Fig. 9. in all cases, the normalized temperature rises (i.e. the raUo of 
temperature rise to laser pulse energy) in the wet and dry hair follicles were significantly higher 
than those measured in the skin, indicating selective heating of the follicles using the method of 
10 thcinvention. Table 2. shown below. lists the hair and skin types ofeach patient in the study. 
The patient numbers in the table correspond to the patient numbers in Fig. 9. 
Table 2 - Patient Hair and Skin 1>pes 



Patient 


Hair 


Skin Type 


1 


Red 


II 


2 


Brown 


III 


3 


Brown 


II 


4 


Gray/Black 


III 


5 


Gray/Black 


m 


6 


Dark Brown 


in 


7 


Gray/Black 


n 


8 


Black 


in 
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Other Kmhndiiufniff 

Fig. lOA iUustrates an alternative embodiment of the invention wherein the region 20 is 
25 dilated rather than being merely shaved prior to treatment in accordance with the teachings of 
this invention. A fluid solution or suqiension 1 00 containing a chromophore may then be 
applied to the skin region 20. with the chromophore containing fluid migrating into the empty 
follicles and filling the folUcles. "Capillary action" of the fluid/chromophore into the follicles ii 
desirable and may be enhanced by providmg a low surface tension between the fluid and skin, 
30 for example by using surfactants or solvents. The excess fluid/chromophoie may then be 
removed from the skin sur&ce by washing, wiping or stripping. During inadiation, the 
chromophore 1 00 in the follicle absorbs light and is heated and, along with the heating of the 
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melanin of the follicle itself, results in significant heating of the follicle to destroy the portions 
thereof, including the bulge and the papilla, required to prevent regrowth of hair. The 
chromophore therefore must absorb light at the wavelength or wavelengths used for ii«diation 
Suitable chiomophores might include a carbon particle suspension or a dye such as methylene 
5 "indocqranine green. Melanin itself in liposomal form might rf^ 

chiomqphore is only in the follicles, this technique maximizes damage to the foJUcIes while 
minimizing damage to sunounding tissue, and for this reason is a preferred way of practicing the 
invention, especially for those with blond, red, Bght brown or other light colored hair. Except for 
the differences indicated above, this embodiment of the invention operates in the same manner 
a descnbed for earlier embodiments, including the cooling of contact device 46. the deformation of 
the skin in the region 20. and the preferred optical irradiation, with the exception that lower 
frequency may be allowed when using the chromophores. 

Fig. JOB iUustratesanothcraltemative embodiment ofthe invention wherein the contact 
device or applicator 46' is modified so as to simultaneously expose both sides of a skin fold 

ThisfurtherincreasestherelativedelivexyofKghttothedeepportionofthefoIlicles. InFig 
lOB. the contact device has for example an opening or slot 110 in the fece of ti,e applicator into 
which the area 20 of the skin may be drawn by for example vacuum or suction being applied to 
line 112 leading into the top ofslot 110. the skin in slot H 0 being fonned into a fold 113. 
Radiation may be applied through a fiber-optic bundle 1 14 which divides to apply tiie radiation 
to lenses 116oneiti,crsideofslot 110. Cooling water may be flowed over tiw surfaces of lenses 
1 1 6 tim,ugh a line 1 1 8. Alternatively, two applicators similar to those shown for example in Fig. 
2A or 2B can be positioned on opposite sides of a skin fold formed by clamping Uie skin region 
therebetween or by other suitable means. 

The advantage of folding the skin as discussed for tiie above embodiments is that 
radiation is applied to a relatively Uiin section of skin from both sides. Thus, tiie papiUa of a 
given follicle may be receiving radiation not only fiom Uie lens 116 on tfie side ofslot 1 10 where 
tiie follicle is located, but also some radiation from tiie lens 1 16 on die opposite sides of tiie slot. 
Thus, energy applied to tiie papUla of each follicle is increased witiiout increasing die energy at 
tiie surface, tiius facilitating hair removal witii less pain and Injury. By making tiie slot 1 10 
relatively narrow, pressure is applied to tiie skin on botii sides of tiie slot, tiie skin being 
compressed between tiie walls of tiie slot. The advantages of compressing tiie skin, including 
removing blood tiierefrom and reducing tiie distance from tiie skin surface to tiie papilla, are tiius 
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also achieved by this embodiment of the invention. Clamping to fonn the fold would also apply 
pressure to the sldn. 

It may also be possible to utilize the teachings of this invention for short term hair 
removal, the device sendng as for example a razor which might provide a shave lasting for 
5 peihaps one to two weeks. This is achieved by applying the fluid/chiomophore to the region 
which is to be "shaved" which region has preferably been shaved using conventional techniques, 
but not epilated. In this case the chromophore can only migrate a few miUimeters into the 
follicle, to for example the level of the sebaceous gland. Excess chromophore may then be 
removed, and the contact device of this invention utilized with relatively low level radiation to 
0 heat the chromophore, and destroy the hair surrounded thereby, without substantial damage to 
either the skin or follicle. 

Further, while cooling water has been shown for the preferred embodiment to cool 
contact device 46, this is not a limitation on the invention and other cooling techniques may be 
utilized. For example, a low temperature gas or liquid gas may be passed over the contact device 
for cooling puipose^ or the contact device may be sufficiently cooled prior to use so that it can 
continue to perform the cooling function during irradiation without having a cooling medium 
passed thereover. Other cooling techniques known in the art may also be utilized. 

Other embodiments are within the scope of the foUowing claims. For example, the 
contact device may not be cooled or cooling of the epidermis may be performed without an 
applicator (for example cryogenically). Where an applicator is not utilized, radiation is applied 
directly to the region of interest after passing through the appropriate optics. 

Thus, while the invention has been particularly shown and described above with 
reference to preferred embodiments, the foregoing and other changes in form and detail may be 
made therein by one skilled in tiie art without departing from the spirit and scope of the 
invention. 
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CLAIM& 

1 . A method for the simultaneous removal of a plurality of hairs from a skin region, each 
hair being in a follicle extending into the skin fiom a skin surfece. the method comprising the 
Steps of: 

(a) placing an applicator in contact with the skin smfece in said skin region; and 

(b) applying optical radiation of a selected wavelength and of a selected fluence 
through said applicator to said skin region, said applying step lasting for a predetermined time 
interval. 



10 2. A method as claimed in claim 1 including the step of (c) utilizing said applicator to cool 
the skin surface in said skin region to a selected depth. 

3. A method as claimed in claun 2 wheiein tiie skin has an q,id«mis layer which is the 
layer of the skin closest to said skin suifece. and whenrfn said selected depti, is substantially the 

15 dq>th of said q>ideimis layer. 

4. A method as claimed in claim 2 wherein step (c) includes the step of (d) cooling.at least 
the surface of said applicator in contact with said skin surface botfi during step (b) and prior to 
the perfonnance thereof. 
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5. A method as claimed in claim 4 wherein step (d) is perfomied by passing a cooling fluid 
through said applicator. 



6. 



A method as claimed in claim 4 wherein step (b) is not perfonned until the skin surfi>ce 



25 said skin region has been cooled to substantially said selected depUu 



in 



7. A method as claimed in claim 2 wherein step (c) is perfomied during step (b). and 
wherein said selected fluence and said predetermined time interval are selected such that there is 

at most minimal heating of skin in said skin region to said selected deptij. while causing 
30 sufficient heating of at least one of hairs and follicles below said selected depth to at least 

damage said hairs and follicles without causing sigmTicant damage to tissue surrounding said 

follicles. \ 
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8. A method as claimed in claim 7 wherein said selected fluence and said predetennined 
time inteival are such as to result in the substantial destniction of said folUcIes. 



9. A method as claimed in claim 7 wherein said selected time interval is 2 to 100 



ms. 



10. A method as claimed in claim 1 wherein step (b) includes the step perfonned by the 
applicator of converging the optical radiation applied to said skin region. 

11. A method as claimed in claim 1 wherein during steps (a) and (b) pressure is applied to the 
10 applicator so as to cause the applicator to defonn the skin region thereunder. 

12. A method as claimed in claim 1 1 wherein the applicator has a convex surface in contact 
with the skin suifiice. 

15 13. A method as claimed in claim 1 wherein step (a) includes the step of forming a fold of the 
skin in said skin region, and wherein, during step (b), optical radiation is applied to two 
substantially opposite sides of said fold. 
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14. A method as claimed in claim 13 wherein the applicator has a slot formed in the surface 
thereof in contect with the skin surface, wherein during step (a) at least a portion of the skin 
region is drawn up into said slot, and wherein during step (b) optical radiation is applied to the 
skin region from at least two opposite sides of said slot. 

15. A method as claimed in claim 1 wherein step (a) includes the step of (e) pioviding a 

25 substantial refractive index match between the applicator and the skin surface in said skin region. 

16. A method as claimed in claim 1 5 wherein step (e) includes the step of providing a layer 
of a refractive index matching substance between the applicator and the skin surface in said skin 
region. 



30 



1 7. A method as claimed in claim 1 including the step perfonned before step (a) of shaving 
the hairs in said skin region. 



5 
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18. A method as Claimed in Claim 1 includmgthestepperfonnedbefoi^step(a)ofepil^^^^ 
the hairs in said skin r^ion. 

19. A method as daimed in claim 18 including the step perfonned after the epilating step but 
before step (a) of filling the foUicles 6om which the hairs have been epilated «dth a substance 
which preferentially absorbs optical radiation at said selected wavelei^gth. 

20. AmethodforthesimultaneousremovalofapluraUlyofhairsfiDmaskinregi^^^ each 
hair being in a follicle extending into the skin fiom a skin surface, the method comprising the 
0 steps.of: 

(a) applying optical radiation of a selected wavelength and of a selected fluence to 
said skin region, said applying step lasting for a predetermined time interval; and 

(b) cooling the skin surface m said skin region to a selected depth during at least one 
of st^ (a) and prior step (a); 

whereby at least one of the hairs and follicles may be heated and damaged without 
causing significant damage to the skin suifece in said skin region up to said selected depth. 

21 . A method as claimed in claim 20 wherein step (b) is also performed before the 
perfonnance of step (a) to precool the skin sur&ce in said skin region to substantially said 
selected depth. 

22. A method as claimed in claim 20 wherein step (b) is performed during step (a), and 
wherein said selected fluence and said predetermined time interval are selected such that there is 
at most minimal heating of skin in said skin region to said selected depth, while causing 
sufflcicm heating of at least one of hains and follicles below said selected depth to at least 
damage said hairs and foUicles without causing significant damage to tissue surrounding said 
follicles. 

23. An applicator suitable for use in practicing tiie method of claim 1 comprising: 
an inlet through which optica] radiation is applied to tiie applicator, 
a surface shaped to contact the skin surface in said skin region; 
an optical path from said inlet to said surface which path is substantially transparent to 
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optical radiation at said selected wavelength; 

an element in said optical path for converging the optical radiation as it leaves the 
applicator through said surface; and 

means for cooling said surface to a temperature below that of the s^^ 

5 

24. An applicator as ckiimed in claim 23 wherein at least said surface is formed of a material 
having a refractive index which substantially matches, but which is not less than, the refractive 
index of the skin surface in said skin region. 

10 25. An applicator as claimed in claim 23 wherein said element is a lens. 

26. An applicator as claimed in claim 23 wherein said means for cooling is a channel near 
said surface through which cooling water is passed. 

15 27. An applicator as clauned in claim 23 wherein said surface has a convex sh^. 

28. An applicator as claimed in claim 23 wherein said surface has a slot fomied therein, 
wherein said optical patii leads to at least two opposite sides of said slot, and includmg means for 
drawing at least a portion of said skin region into said slot 

20 

29. An applicator as claimed in claim 28 wherein said means for drawing includes means for 
applying vacuum to said slot 

30. Apparatus for the simultaneous removal of a plurality of hairs from a skm region, each 
25 hair being in a follicle extending into the skin from a skin surface, the apparatus comprising: 

an applicator which is adapted to be in contact with the skin surface in said skm region; 
a source of optical radiation of a selected wavelength, selected fluence and selected 
duration; and 

means for applying the optical radiation from said source to said applicator, the optical 
30 radiation being passed through the applicator to said skin region. 



Apparatus as claimed in claim 30 wherein said applicator has a surface in contact with the 
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skm smfece. and including means for cooling said surface of the applicator below that of the skin 
region. 



32. Apparatus as claimed in claim 31 ^vherein said means for cooling is a chamiel near said 
sm&ce through which cooling water is passed. 

33. Apparatus as claimed in chum 31 wherein said source of optical radiation is a laser, and 
^^dierdn said selected duration is 2 to 100 ms. 
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